Cosmic-ray acceleration has been a long-standing mystery [1, 2] and despite more than a century of study, we still do not have a complete census of acceleration mechanisms. The collision of strong stellar winds in massive binary systems creates powerful shocks, which have been expected to produce high-energy cosmic-rays through Fermi acceleration at the shock interface. The accelerated particles should collide with stellar photons or ambient material, producing non-thermal emission observable in X-rays and γ-rays [3, 4] . The supermassive binary star η Car drives the strongest colliding wind shock in the solar neighborhood [5, 6] .
tively poor angular resolution [7, 8, 9] . Here we present the first direct focussing observations
The best candidate massive binary system for detecting the high-energy non-thermal radiation produced by a shock-accelerated population of high-energy particles is η Car. Eta Carinae is the most luminous binary in our Galaxy and the variable thermal X-ray emission produced by the hot plasma (kT ∼4−5 keV, L X ∼10 35 ergs s −1 ) in its colliding wind shock has been well studied [15, of its X-ray spectrum. Variations across the electromagnetic spectrum from η Car have shown that the system has a long-period orbit with high eccentricity [e ∼0.9, P ∼5.54 yrs, 5, 18].
In extremely high energy X-rays (15−100 keV), the INTEGRAL and Suzaku observatories claimed detection of a non-thermal source near η Car [7, 19, 8, 20] , but two more sensitive NuS-TAR observations near periastron in 2014 did not confirm this [21] . The AGILE and Fermi space observatories detected a GeV γ-ray source near η Car [22, 9] , while the HESS telescope detected a source of high-energy γ-ray emission [23] at energies up to 300 GeV. The γ-ray spectrum shows two components, above and below 10 GeV. Both components vary slowly with η Car's orbital phase [e.g., 24]. The poor angular resolutions ( 10 ′ ) of these observations meant that η Car could not be conclusively confirmed as the source of the high-energy emission.
The NuSTAR X-ray observatory, launched in 2012, provides for the first time focusing observations at energies up to 79 keV [25] . We obtained 11 NuSTAR observations of η Car around η Car's last periastron passage in 2014 through 2015 and 2016, along with coordinated observations at energies between 0.3−12 keV with the XMM-Newton observatory [26] . The NuSTAR image at the highest available energy in which the source can be detected above background (30−50 keV) shows, for the first time, that even at these high energies the emission clearly arises in the direction of and is well-centered on the position of η Car (Figure 1 ).
The soft X-ray ( The NuSTAR spectrum, however, shows that this hard flat component nearly disappears during the minimum of the kT ∼4−5 keV thermal emission near periastron passage. This kT ∼4−5 keV thermal X-ray minimum is believed to be caused by orbital changes in the head-on wind collision both geometrically (i.e., eclipse by the primary wind) and mechanically (decay of the collisional shock activity) [27] . The decline of the hard, flat component along with kT ∼4−5 keV thermal X-ray minimum, as well as the positional coincidence of the extremely hard source with η Car, is conclusive proof that η Car itself, and its colliding wind activity, is the source of this flat highenergy X-ray component.
If the 30−50 keV emission is thermal in nature, it would require a temperature of kT 20 keV, a temperature much higher than could be mechanically produced by the wind of either star.
Thus the hard flat source must be produced by non-thermal processes. We characterize the spectrum using a simple power-law spectrum of the form KE −Γ (where K is the flux normalization, E the photon energy, and Γ the photon index). We minimized the systematic uncertainty of the instrumental and cosmic background through a detailed background study. Our analysis constrained Γ to be less than 3. Values of Γ ∼3 can be ruled out since the non-thermal emission would then contribute significantly to the observed emission below 10 keV at phases away from periastron;
this would cause a variation of the equivalent width of the strong thermal line from He-like iron at 6.7 keV with phase, which is not seen. Therefore, the photon index has to be in the range Γ 2.
There are several non-thermal emission processes that the colliding wind activity can drivesynchrotron emission, synchrotron self-Compton, IC up-scattering of stellar photons, relativistic bremsstrahlung and pion-decay. However, to match the observed flux at 50 keV, the synchrotron process would require electrons with Lorentz factor γ ∼3×10 6 for a reasonable magnetic field strength (B ∼ 1 Gauss), which do not seem likely to exist given the expected strong IC cooling [e.g., 28]. Pion-decay emission peaks at 67.5 MeV and is important only above ∼10 MeV, while relativistic bremsstrahlung emission and synchrotron self-Compton are unlikely to match the emission from IC up-scattering [e.g., 3]. Furthermore, the value of Γ 2 we derived is typical of 1st order Fermi acceleration and similar to the radio indices measured from another well-known massive colliding wind binary system, WR 140 [14] . Thus IC up-scattering is the most plausible mechanism to produce the non-thermal emission in the extremely hard X-ray band.
This result demonstrates the presence of a high-energy non-thermal X-ray source physically associated with η Car and lends additional strong support to the idea that the γ-ray source is also physically associated with η Car. With the now established physical association between the NuS-TAR and Fermi sources, it now makes sense to consider a consistent model for both the X-ray and γ-ray emission. The extremely hard X-ray component seen by NuSTAR smoothly connects to the soft GeV γ-ray spectrum at a power-law slope of Γ ∼ 1.65 (Figure 2 right ). This component also shows similar flux variation to the soft GeV component [ Figure 3 bottom, 24]. These characteristics strongly suggest that the non-thermal X-ray component seen by NuSTAR is the low-energy tail of the soft GeV γ-ray component produced by the IC mechanism [9, 29] . There would be no obvious connection between the γ-ray and hard X-ray emission if the soft GeV γ-ray component originates from the pion decay process [30] .
Earlier INTEGRAL and Suzaku flux measurements of extremely high energy emission were 2−3 times larger than our NuSTAR measurements [Figure 3, 19, 20] , but the soft GeV emission has not varied remarkably since the beginning of Fermi's monitoring in 2008. This discrepancy either indicates some cycle-to-cycle variation in the non-thermal emission (which seems unlikely given the consistency of the NuSTAR and Fermi spectra), or that these earlier measurements have overestimated the intrinsic source flux due to poorly determined backgrounds or other issues.
A puzzle is the lack of an increase in luminosity of this IC scattered component as the thermal plasma emission increases near periastron. If the non-thermal electrons fill the wind colliding region, the IC luminosity should be proportional to the product of the number of non-thermal electrons and the intensity of the stellar UV, and the product is also proportional to the thermal plasma luminosity for a constant temperature. That this variation is not observed can be explained by the rapid cooling that the non-thermal electrons undergo due to IC scattering as the stars approach each other. Because of this effect, the non-thermal electrons that are capable of producing 50 keV photons ( i.e. those with a Lorentz factor γ ∼200) gradually exist only in a thin layer downstream of the shock [28] , rather than filling the entire wind colliding region. This process would decrease the number of non-thermal electrons near periastron and produce a flat light curve toward the X-ray maximum.
By localizing the position of the high energy source to better than 5 ′′ , and by showing that the source varies in phase with the lower-energy X-ray emission, our NuSTAR observations prove conclusively that η Car is clearly a source of non-thermal high-energy X-ray emission, and con-nect the non-thermal X-rays to the soft GeV γ-ray source detected by Fermi. This confirms that a colliding wind shock can accelerate particles to sub-TeV energies. Since the colliding-wind shock occurs steadily, persistently, and predictably, massive binary systems are potentially important systems for studying particle acceleration by the Fermi process in an astrophysical setting.
The emission we observe is consistent with IC upscattering of lower-energy stellar photons. IC emission should also be accompanied by lower-energy synchrotron emission, which has not been detected. However, synchrotron emission from η Car would be difficult to detect because of strong thermal dust emission from the surrounding nebula, and because a suitable high-spatial-resolution radio interferometer in the southern hemisphere is not yet available. The Square Kilometer Array, which is under construction in South Africa, may eventually detect this emission component from η Car. Although there are other massive binary systems with strong colliding wind shocks, such as WR 140, only η Car has been confirmed as a γ-ray source. Studying the differences amongst these systems in their X-ray and γ-ray emission will help elucidate the particle acceleration mechanism.
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(email: kenji.hamaguchi@nasa.gov). NuSTAR spectrum on 2016 June 15 and a Fermi spectrum [9] after correcting the detector response (black) compared to the best-fit spectral model, a Γ = 1.65 power-law cut-off at 1.6 GeV (red). Reduction and Accurate Measurement of the NuSTAR Background: Measuring the spectrum of η Car at energies above 10 keV requires some care. At the lower end of this energy range, emission is significantly affected by the high-energy tail of η Car's thermal source at a temperature of ∼ 4.5 keV, and which we were able to precisely measure using XMM-Newton X-ray spectra in the 2−10 keV energy range. At higher X-ray energies, the thermal contribution is negligible (except for a short interval during the 2−10 keV X-ray maximum just before periastron), but instrumental and cosmic background components grow in importance. Our analysis requires careful measurements of η Car's spectral shape above ∼25 keV, where non-thermal emission exceeds kT ∼4.5 keV thermal emission. X-ray emission from η Car in this energy band is weak and comparable to NuSTAR particle background. Therefore, we maximized the source signal with respect to background by i) removing high background intervals during each observation, and ii) employing a small source region. We then accurately estimated the background spectrum by utilizing the background estimate tool nuskybgd [32] .
Background particle events of the NuSTAR detectors sometimes increase abruptly when NuS-TAR is near the South Atlantic Anomaly (SAA). After reviewing the background variation in each observation 2 , we removed the high background intervals with the tool saacalc using the option, saacalc=2 --saamode=optimized --tentacle=yes. In all observations with abrupt background increases, this option removed high background intervals, by decreasing exposure times by 5%. This process significantly reduced background of NUS 160615 by ≈40% between 30−60 keV.
For extracting source light curves and spectra from each dataset, we used a circular region with a 30 ′′ radius, which includes ∼50% of the X-ray photons of an on-axis point source. Since the source region is comparable to the mirror point-spread-function (PSF) size and there is a po-sitional offset in the absolute coordinates and the coordinate systems between FPMA and FPMB by up to ∼10 ′′ , we re-calibrated the absolute coordinates on each detector image frame from a two-dimensional image fit with a PSF image. Chandra observations indicate that colliding wind emission from η Car dominates the emission below 10 keV, so that we measured the peak position of η Car between 6−8 keV in each detector image by an on-axis PSF with the Chandra software CIAO/Sherpa. Before each fit, the PSF image was rotated to consider the satellite roll angle.
We then measured the NuSTAR background from surrounding source-free regions using
nuskybgd. This tool extracts spectra from specified source-free regions and fits them simultaneously for known background components -line and continuum particle background, cosmic X-ray background (CXB) passing through the mirror (focused) and unblocked stray light in the detector (aperture), and solar X-rays reflecting at the mast. For the η Car data, we ignored the solar reflection component as it is very soft ( 5 keV).
There are a few more components that we added in the nuskybgd model for the η Car data (see Supplementary Figure 2) . One is the Galactic Ridge X-ray Emission (GRXE). As η Car is located almost on the Galactic plane (l, b) = (287.6
• , −0.63 • ), GRXE from kT ∼6 keV thermal plasma is as strong as CXB at ∼7 keV [e.g., 33]. This emission comes from both the mirror and opening between the mirror and focal plane modules (stray light) similar to the CXB. The only difference is that GRXE is concentrated within ∼4
• (FWHM) from the Galactic plane [e.g., 34], while CXB is uniform on the sky. Earlier measurements give good estimate of the two (focused & aperture) CXB components and focused GRXE. We thus measured the contribution of aperture GRXE contamination by fixing the parameters for the other sky background components. For this measurement, we used 3 datasets obtained during the lowest soft X-ray flux phase (NUS 140728 , NUS 140811a , NUS 140811b ) since η Car outshines the entire detector FOV outside the soft X-ray minimum. X-ray emission from unresolved young stars in the Carina nebula is not negligible below ∼7 keV, so that we fit the background spectra only above this energy range. We assume the GRXE spectral shape is similar to that in [35] , which is measured for GRXE at (l, b) = (28.5
but we changed its normalization to match the GRXE flux at the η Car position [33] . We extracted data from 4 source regions, each of which has 5.5 ′ ×5. Figure 1 ). These fluctuations possibly originate from the sensitivity difference between the detectors (private comm. Kristin Madsen), or Cen X-3 contamination through the detector light baffle. In either case, these fluctuations can introduce up to ∼10% normalization error at the η Car position in some observations. We therefore added a contamination component to the nuskybgd model, an absorbed power-law model (TBabs × Power-law) whose normalization was allowed to vary between the detectors; the normalization for the detector with the lowest enhancement was fixed at zero. We added this component to the background model for η Car.
Using these constraints, we ran nuskybgd to estimate background for all η Car datasets.
Since we need a precise measurement of the background above 25 keV, we used a larger region for each detector to increase the photon statistics -the region includes WR 25 and HD 93250, which have little flux above 15 keV -and excludes smaller areas around η Car. We fit the unbinned estimated background spectra above 15 keV up to 150 keV using Poisson statistics to give the best measurement of the estimated background shape between 25−79 keV. We then normalized the best-fit result for each η Car spectrum.
The background subtracted spectrum and the corresponding simulated background spectrum for each observation is shown in the Supplementary Figure 3 . Three spectra shown in Figure 2a are co-additions of the spectra NUS 140331a and NUS 140331b (black), NUS 150716 and NUS 160615 (red), and NUS 140811a and NUS 140811b (orange). For spectral fits, we add the normalized background model to the source model and fit the source spectra using Poisson statistics.
Analysis: As described in the previous section, the absolute coordinates on each image have uncertainties of several arc-seconds. For Figure 1 , we shifted each detector image by pixel offsets measured with the PSF fits to 6−8 keV images and combined them for each band. We recalibrated the absolute coordinates based on the soft band image. We smoothed the image with a Gaussian of σ =8 pixels to increase the photon statistics. Supplementary Figure 1 also shows the entire field of view of the co-added NuSTAR images of NUS 150716 and NUS 160615 .
The X-ray spectrum of η Car is complex with these components which contribute to the emission above 3 keV: i) variable multi-temperature thermal components produced by the hot, shocked colliding wind plasmas; ii) a weak, stable central constant emission (CCE) component, which probably originates from hot shocked gas inside the cavity of the secondary star's wind, which was ejected in the last few orbital cycles; iii) X-ray reflection from the bipolar Homunculus nebula; iv) a power-law component with photon index Γ 2. We included all these components in the spectral model, to determine the non-thermal flux variation with orbital phase. Component ii) probably originates from the collision of secondary stellar winds with the primary winds ejected in early cycles [e.g., 36, 37, 38] . This component can be seen in η Car spectra only around the soft X-ray minimum and it does not change significantly in the latest 3 minima (2003, 2009 and 2014) . This component cannot be observed during other orbital phases, but a theoretical simulation suggests that it is stable outside of the minimum as well [38] .
Component iii) originates from the reflection of the colliding wind X-ray emission at the surrounding Homunculus bipolar nebula. The variation follows the wind colliding emission from the central binary system, with light travel time-delay by 88 days, on average [39] . This component is extended (∼20 ′′ ) and can be spatially resolved with Chandra. This component is weaker than the CCE (Component ii) except for the Fe fluorescence at 6.4 keV. We therefore fixed this component to the best-fit spectrum derived from the Suzaku observation during the deep X-ray minimum phase in 2014 [21] . The components (ii) + (iii) only contribute ∼10% to the spectra after the recovery in 2015 and 2016, and dominate during the X-ray minimum.
Component iv) is proved to be present from the NuSTAR observations in this paper. It dominates emission above 30 keV, and does not vary significantly outside the soft X-ray minimum. No spectra show the shape of this component below 30 keV clearly. However, our measurement of the equivalent width of the He-like iron K line varies less than 10% through the orbit outside of the X-ray minimum. This means that the non-thermal component is less than 10% of the thermal continuum at 6.7 keV, which constrains the photon index at Γ <2. We choose Γ =1.65 for consistency between the NuSTAR and Fermi data, but the conclusions we draw do not change significantly for Γ 2. The absorption column for the power-law component is tied to that of the hot kT component. This is based on the assumption that the non-thermal emission originates from the apex of the colliding wind region, but changing this N H does not affect the fitting result for Γ <2.
We simultaneously fit unbinned η Car spectra of both focal plane modules (FPMA, FPMB) using the maximum likelihood method assuming Poisson statistics (c-stat in Xspec). The normalizations of the spectral models between FPMA and FPMB are independently varied to consider small effective area calibration uncertainty. The errors are estimated using Markov Chain Monte
Carlo simulations (mcmc in Xspec). The fitting results are shown in Figure 3 and Supplementary Table 2 .
XMM-Newton Data
Observations: XMM-Newton has three nested Wolter I-type X-ray telescopes [40] with the European Photon Imaging Camera (EPIC) CCD detectors (pn, MOS1 and MOS2) in their focal planes [41, 42] . They achieve a spatial resolution of 15 ′′ half power diameter and an energy resolution of 150 eV at 6.4 keV 3 . There are three XMM-Newton observations simultaneous with the NuSTAR observations, two of which are reported in [21] . In all observations, the EPIC-pn and MOS1 observations were obtained in the small window mode with the thick filter to avoid photon pile-up and optical leakage, though the EPIC-MOS1 data in XMM 140606 was still affected by photon pileup. The EPIC-MOS2 observations used the full window mode with the medium filter to monitor serendipitous sources around η Car, so that its η Car data are significantly affected by photon pileup and optical leakage and thus provide no useful information about η Car. Fortunately, most of the XMM-Newton observations were obtained during periods of low particle background.
Analysis: We followed [36] for extracting XMM-Newton source spectra, taking the η Car source region from a 50 ′′ ×37.5 ′′ ellipse with the major axis rotated from the west to the north at 30
• .
For background, we used regions with negligible emission from η Car on the same CCD chip.
In addition, we limited the EPIC-pn background regions using nearly the same RAWY position of η Car, according to the XMM-Newton analysis guide 4 . The source did not show significant variation. We assumed chi-square statistics for the XMM-Newton fits to the background-subtracted spectra.
The XMM-Newton spectra show multiple emission lines, notably from helium-like Fe K emission lines. The Fe K emission line is shifted by ∼25 eV for both EPIC-pn and MOS1, which corresponds to v ∼1100 km s After adjusting the gain shift, the XMM-Newton spectra of η Car are successfully reproduced by a model with the cooler kT at 1.1 keV and hotter kT at 4.5 keV. These temperatures are similar to those measured in early XMM-Newton observations [36] .
Theoretical Model for the Constancy of the Non-thermal Component
If the non-thermal electrons fill the wind-colliding region, the IC luminosity, L IC , should be proportional to the number of non-thermal electrons (N acc ∝ nV , where n and V are respectively the number density of the thermal plasma in the wind colliding region and the volume of the wind colliding region) and the intensity of the stellar UV (U UV ). Since n and U UV are both ∝ D −2 , and V ∝ D 3 , we might expect L IC ∝ 1/D, where D is the stellar separation. Therefore, the L IC should follow the same variation as the X-ray luminosity of the thermal plasma (i.e. 2−10 keV light curve in Figure 3b) , which also has the 1/D dependence valid for the adiabatic limit [43] .
That this variation is not observed can be explained by the rapid cooling that the non-thermal electrons undergo due to IC scattering as they flow downstream from the companion star's shock 5 .
Rather than filling the entire wind colliding region, the non-thermal electrons which are capable of producing 50 keV photons (those with a Lorentz γ ∼200) instead only exist in a thin layer downstream from the shock [28] . 
Data Availability
The raw data of the NuSTAR and XMM-Newton observations are available from the NASA HEASARC archive https://heasarc.gsfc.nasa.gov. 
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